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1
BINARY TRANSFORMATION METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a method of trans-
forming an analog signal read out by an image sensor
within a reading section, a facsimile device, or the like,
into a binary signal.

In a reading apparatus in which real picture informa-
tion is read by a linear image sensor, the transformation
of an analog signal into a binary signal is effected for
every main scanning line in accordance with the light
and dark (i.e. white and black) portions of an original
document.

FIG. 1 is a block diagram explaining the principle of
the binary transformation of an analog image signal in a
conventional reading apparatus. An analog picture sig-
nal 2 produced from an image sensor 1 is applied to an
automatic background control circuit 3. The automatic
background control circuit 3 is a type of automatic gain
control (AGC) circuit which serves to cause the levels
of the background (i.e. white) regions to coincide with
each other in each image. An analog picture signal 4
from the background control circuit 3 is compared by a
comparator 5 with a threshold voltage Vs which is a
reference value for the binary transformation. As a
result of this comparison, a binary-transformed signal 6
is produced which corresponds to light and dark por-
tions of the original document.

FIG. 2 shows a resolution characteristic in such a
binary transformation method. In FIG. 2, the ordinate
represents the modulation transfer function (MTF) and
the abscissa represents the line density. As seen in FIG.
2, as the line density increases, the contrast between the
white portion and the black portion of a picture image
decreases. This decrease is due to the respective resolu-
tion characteristics of the image sensor and its associ-
ated focusing lens (which focuses the light image onto
the image sensor). As a result, it becomes impossible to
divide the picture signal into two values, i.e., white and
black, which correspond to the light and dark portions
of an original document.

The decrease in contrast described above will be
explained in more detail with reference to FIGS. 3A-5.
In each of FIGS. 3A and 3B, we shall assume that a
pixel P;, disposed at the center of a plurality of aligned
pixels is the pixel of an original document which corre-
sponds to a bit thereof which is to be subjected to binary
transformation. Pixels P;,—1 and P;,41 are on the left
and right sides, respectively, of pixel P;, on the same
scanning line i. Specifically, pixel P;,_1 corresponds to
a bit on the document which has been subjected to
binary transformation immediately before pixel P;, and
pixel P; 41 corresponds to a bit of the document which
will be subjected to binary transformation immediately
after pixel P;,. Correspondingly, pixels P;,..2 and
P;n+2 on the left and right sides, respectively, of pixel
P, are pixels on the original document corresponding
to a bit which was subject to binary transformation one
bit before pixel P; , and to a bit which will be subject to
binary transformation one bit after pixel P;,, respec-
tively, on the same scanning line i.

In FIG. 3A, the central pixel P;, is black and the
other ones are white. When the image sensor reads the
central pixel, it also reads the picture information with
respect to the adjacent pixels P; ,_1and P; .. 1in combi-
nation (due to poor resolution). In this case, as shown in
FIG. 4A, a picture signal portion 4A (which should be
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2
at the black level) of analog picture signal 4 has a level
lying between the white and black levels. Accordingly,
if the level of signal portion 4A is slightly above the
threshold voltage V,; the black picture information
will be eliminated totally, as shown in FIG. 4B.

In the case where the central pixel P;, is white and
the other pixels are black, as shown in FIG. 3B, a pic-
ture signal portion 4B corresponding to the pixel P;y is
produced which has a level lying between the white
and black levels as shown in FIG. 5A. If the signal level
is slightly below the threshold voltage Ve the white
picture information will be totally eliminated, as shown
in FIG. 6B.

Thus, in a binary transformation apparatus in which a
picture image is read by an image sensor, as the line
density of the picture increases, the contrast of the pic-
ture image is lowered, which results in the risk of in-
creasing the possibility of erroneous binary transforma-
tions of picture signals.

SUMMARY OF THE INVENTION

Thus, an object of the present invention is to provide
a method of binary transformation in which binary
transformations are faithfully made with respect to the
portion of an original document where a change occurs
in background contrast.

This and other objects of the present invention are
attained by storing an analog picture signal produced
from an image sensor in the form of multi-level informa-
tion. Corrected multi-level information is formed with
respect to a bit which is to be subjected to binary trans-
formation on the basis of a relation between the bit to be
transformed and a bit adjacent thereto. The corrected
multi-level information is transformed into binary infor-
mation.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure and teachings of the present invention
will become more apparent upon a detailed description
of the preferred embodiments thereof. In the descrip-
tion to follow, reference will be made to the accompa-
nying drawings, in which:

FIG. 1 is a block diagram of a method of binary
transformation in a conventional reading apparatus;

FIG. 2 is a graph showing the total resolution charac-
teristic of a lens and an image sensor according to the
method of binary transformation of FIG. 1;

FIG. 3A shows a black pixel aligned with white pix-
els on the same scanning line;

FIG. 3B shows a white pixel aligned with black pixels
on the same scanning line;

FIGS. 4(a-b) show waveforms illustrating the results
of conventional binary transformation processing when
the pixels shown in FIG. 3A are read;

FIGS. 5A and 5B show waveforms illustrating the
results of binary transformation processing when the
pixels shown in FIG. 3B are read;

FIG. 6 is a block diagram of a reading apparatus of
the first embodiment of the invention used to effect a
method of binary transformation;

FIG. 7 is a diagram for explaining the relation be-
tween the eight tone expression of the pixel information
and a binary transformation level;

FIG. 8 is a diagram showing the pixel arrangement
used for binary transformation in the first embodiment;
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FIGS. 9(A-C) are diagrams of particular examples of
the tones which have been read with respect to respec-
tive pixels;

FIG. 10 is a block diagram of a second embodiment
of the present invention; and

FIG. 11 is a block diagram of pixel arrangement illus-
trating pixels used for binary transformation in the sec-
ond embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 6 shows the configuration of an original docu-
ment reading apparatus according to a first embodiment
of the present invention. An original document 11 is
conveyed in the sub-scanning direction as indicated by
the arrow in the drawing. Document 11 is subjected to
slit exposure by a pair of fluorescent lamps 12 arranged
in the main-scanning direction. A light ray 13 reflected
from the original document 11 is focused by a lens sys-
tem 14 onto an image sensor 1. An analog picture signal
2 produced by the image sensor 1 is subjected to signal
level adjustment by an automatic background control
circuit 3. After signal-level adjustment, the analog pic-
ture signal 4 is applied to an analog-to-digital (A/D)
converter 15. The A/D converter 15 classifies the ana-
log picture signal 4 into eight tones (or levels) in accor-
dance with the brightness of the original document, and
produces a digital signal of three bits 16A-16C.

FIG. 7 shows the relationship between the eight

- tones corresponding to the brightness of the original
- document and the binary transformation level. The
.. analog picture signal produced from the automatic
background control circuit 3 (FIG. 6) is classified in
terms of one of the eight tones which range from pure
black to pure white. The classified signal is then cor-
rected in terms of its tone with respect to the adjacent
pixel. If the corrected level is within the tone range
-from “0” to “4”, the pixel is judged as a black one; if the
corrected level is within the tone range of “5” to “77,
the pixel is judged as a white one.

-FIG. 8 shows pixels which are to be subjected to
binary transformation. According to the first embodi-
ment of the invention, adjacent pixels P;,_yand P;_1,,
are used for correction with respect to the pixel P;,.
Pixel P;, on the scanning line i corresponds to the bit
which is to be subjected to binary transformation; pixel
P;—1is the pixel disposed to the left of pixel P;, which
is on the same scanning line i as the pixel P;,; and pixel
P;_1,n is disposed on the scanning line i—1 directly
above the scanning line i. As shown in FIG. 6, the three
bit digital signal 16A-16C is applied to a shift register 17
and a line memory 18, and is thus delayed by one bit and
by one line respectively. The three-bit digital signal
16A-16C for pixel P;, (which is not delayed) is applied
to input terminals Ap-Aj3 of a read only memory 19.
Three-bit digital signal 21A-21C which has been de-
layed by one bit is applied to input terminals Asz-As of
the ROM 19 as the information corresponding to the
pixel P;,_i. Finally, three-bit digital signal 22A-22C
which has been delayed by one line is applied to input
terminals Ag-Ag of the ROM 19 as the information of
the pixel Pi—_1,,.

The ROM 19 serves to determine the change in tone
between the pixels P;n P;n—1 and P;_1, These
amounts of change in tone are then added to the tone of
the concerned pixel P; ,. That is, a digital addition of the
tone changes is made in accordance with the binary
signals applied to the input terminals Ag~As. Assuming
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4
now that the respective tones of the pixels P;,, Pi_1
and P;,_1 are represented by Dy, Dj and D, the cor-
rection of these tones may be expressed by the follow-
ing equation (1):

D' = Do+ (Do — Dy) + (Do — Do)
=3Dy— D) - Dy

o]

where the tone D' is a corrected value of the tone which
has been read with respect to pixel P;,. The corrected
tone D’ is then subjected to binary transformation with
the binary level as shown in FIG. 7. ROM 19 subse-
quently produces an output signal at its output terminal
OUT as a binary signal 23 of either a level of “1” (white
level) or a level of “0” (black level).

Table 1 shows examples of the relationships between
the signals applied to the input terminals Ag~Ag of the
ROM 19 and the binary signal 23 produced from the
output terminal OUT. The mark * in the Table 1 repre-
sents all the possible combinations of the bit one bit
before (A3—As) or the bit one line before (As-Ag).

TABLE 1
Concerned Bit Bit

Bit 1-bit Before 1-line Before Output
Ay Ay Ar A3 Ay As  Ag AT A ouT
0 0 0 * * 0
0 0 1 0
0 1 0 0 0 0 0 0 0 1
0 1 0 0 0 0 0 0 1 1
0 1 0 0 0 0 0 1 [ 0

Particular examples now will be described. In the
case where the relation in tone between the concerned
bit and the adjacent bit is as shown in FIG. 9A, the tone
D' is derived from equation (1) as:

D'=3x5-7—7=1 (black)

That is, a black pixel Do distributed among white pixels
Dj and Dy is correctly judged as a black pixel.

In the case of tone relation as shown in FIG. 9B, the
tone D' is calculated as follows:

D'=3xX5—4—3=8 (white)

That is, a white pixel Do distributed among black pixels
Dy and D3 is correctly judged as a white pixel.

Further, in the case of tone relation as shown in FIG.
9C, the tone D’ is as follows:

D'=3X5—5-5=>5 (white)

That is, three white pixels locally existing among black
pixels are correctly judged as a white pixel.

FIG. 10 shows a second embodiment of the present
invention. In FIGS. 10 and 6, like reference symbols
connote like structures. In the document reading appa-
ratus of FIG. 10, digital signals are applied to input
terminals Ag-A14 of 2 ROM 24. A three-bit digital sig-
nal 22A-22C, which has been delayed by one line by a
line memory 18, is applied to the first three terminals
Ao-A; of the input terminals Ag-A14. This three-bit
digital signal 22A-22C corresponds to a pixel P;,_1 in
FIG. 11. Further, a three-bit digital signal 26A-26C,
which has been delayed by one bit by a shift register 25,
is applied to the next three input terminals A3-As. This
three-bit digital signal 26A-26C corresponds to a pixel
P;, of FIG. 11 which is to be subjected to binary trans-
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formation. A three-bit digital signal 28A-28C, which is
obtained by delaying the three-bit signal 26A-26C by
one bit by a shift register 27, is applied to the next three
input terminals A¢-Ag of the ROM 24. This three-bit
digital signal 28A-28C corresponds to a pixel P,
which will be subjected to binary transformation imme-
diately after pixel P;,. A three-bit digital signal
32A-32C, which is obtained by delaying the three-bit
digital signal 22A-22C by a line memory 29 and by one
bit by a shift register 31, is applied to the next three
input terminals Ag-A1; of the ROM 24. This three-bit
digital signal 32A-32C corresponds to the adjacent
pixel P;y 1, on the scanning line (i41) immediately
above the scanning line i in which binary transforma-
tion is to be effected. Finally, a three-bit digital signal
21A-21C produced from a shift register 17 is applied to
the three input terminals A12-A14 of the ROM 24. This
three-bit digital signal 21A-21C corresponds to the
adjacent pixel P;_1 ,on the scanning line (i— 1) immedi-
ately before scanning line i, as shown in FIG. 11.

Thus, in the second embodiment of the present inven-
tion as shown in FIG. 10, an information bit currently
read is judged as to whether it contains white or black
information on the basis of the respective tones which
have been read with respect to the four pixels adjacent
thereto, thereby producing a binary signal 33 from the
output terminal OUT of the ROM 24. In this manner,
the tone correction of a given pixel can be even more
accurately derived than the tone correction of the em-
bodiment shown in FIG. 6. ROM 24 operates on the
same correction equation as does ROM 19 in the em-
bodiment of FIG. 6. In this regard, it is to be understood
that any hardware which can reproduce the correction
equation method of the ROM 24 can be used to effect
the binary transformation of the invention.

As explained above, it is possible to obtain a noiseless,
high quality binary image according to the present in-
vention. According to the invention, an analog picture
signal is digitalized in terms of a multi-level signal and
binary transformation is made with respect to the pic-
ture information on the basis of the multi-level signal
thereof.

What is claimed is:

1. A binary transformation method for a reading
apparatus, said reading apparatus comprising a photoe-
lectric element for scanning a portion of an original
document comprising a plurality of pixels, each of said
pixels having a discrete image, and means for convert-
ing an analog picture signal into a discrete level signal
such that the image of each pixel is expressed in terms of
a discrete level of 2 multi-level signal, said method com-
prising the steps of:
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6
scanning a plurality of pixels Py, P2. .. Py on said
document and producing a plurality of analog sig-
nals indicative of the images thereof;
converting said plurality of analog picture signals of
pixels Pj, P2. .. Pyinto a plurality of discrete-level
signals of said pixels Py, P2. .. Pn;
delaying said discrete-level signals of pixels Py, P2. .
. Pn;

scanning a pixel Pp on said document to be binary
transformed and producing an analog picture sig-
nal indicative of the image thereof;

converting said analog picture signal of pixel Pp into

a discrete-level signal;

reading out said delayed discrete-level signals;

comparing said discrete-level signals of pixel Po with

said discrete-level signals of pixels Py, P2. .. Py,
and correcting said discrete-level signal of pixel Pg
accordingly; and

converting said corrected discrete-level signal of

pixel Pg into a binary signal;
wherein said discrete levels of said discrete-level
signals are selected from a group of discrete levels
D ranging from a low level X; to a high level Xg;

wherein said discrete-level signal of said pixel Pg has
a level of Dy and the plurality of discrete-level
signals of said pixels Py, P2 ... Pyhave levels Dy,
D;. .. Dy, respectively, and

wherein said step of comparing said discrete-level
signals and correcting said discrete-level signal of
said pixel Pg further comprises:

determining the differences between the level Do of

the discrete-level signal of pixel Pg and each of the
levels Dy, D3. .. Dyof the discrete-level signals of
pixels P1, P2. .. Pps

adding said differences to said level Dy to produce a

level sum; and

assigning a new level D' to said discrete-level signal

of pixel Po, said new level D’ being equal to said
level sum.

2. The binary transformation method of claim 1,
wherein said plurality of pixels Py, P. .. Pyare immedi-
ately adjacent to said pixel Po.

3. The binary transformation method of claim 1,
wherein X;=1 and Xg=7, and wherein said step of
converting said corrected discrete-level pixel P into a
digital signal comprises:

comparing said level D’ of said discrete-level signal

of pixel Pg to a level Dc=35, said signal of pixel Po
being converted to a low value if D' <Dcand to a
high value if D'ZDc.

4. The binary transformation method of claim 1,
wherein said level X7 =1 corresponds to a black image

and level Xy corresponds to a white image.
* * * * *



